of cocaine effects, which were induced by prior repeated 5-time administration of MK-801 ((+)-5-methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-imine) (i.p.) alone or in combination with cocaine (s.c.) at 3-to 4-day intervals, were investigated by means of ambulatory activity in mice. The repeated administration of either cocaine (10 and 20 mg/kg) alone or MK-801 (0.3 mg/kg) alone progressively enhanced each drug's effect. The enhanced effects of cocaine and MK-801 were estimated to be 1.8-2.2 times and about 1.4 times, respectively, as great as those at the 1st administration. Although the coadministration of MK-801 with cocaine produced a significant enhancement in the ambulation-increasing effect, the comparatively higher doses of MK-801 (0.3 and 1 mg/kg) acted not only to reduce cocaine sensitivity but also to inhibit the development of cocaine sensitization. Thus, the mice that had been given MK-801 (0.3 and 1 mg/kg) alone 5 times showed lower sensitivities to cocaine (20 mg/kg) than the mice given saline alone. The mice coadministered MK-801 (0.3 and 1 mg/kg) with cocaine (10 and 20 mg/kg) also exhibited lower sensitivities to cocaine (10 and 20 mg/kg) than those given cocaine alone. However, MK-801 could not ameliorate the established sensitization to cocaine. Similar interactions have been demonstrated between MK-801 at 1 mg/kg, but not 0.3 mg/kg, and methamphetamine. The present results indicate that MK-801 can inhibit the development of sensitization to cocaine at a lower dose than that required to inhibit methamphetamine sensitization.
MK-801, a potent and selective noncompetitive Nmethyl-i)-aspartate (NMDA) antagonist, possesses anticonvulsant potential (1, 2) , the protective ability against neural cell loss from ischemia (3) or hypoglycemia (4), anticonflict effects (5, 6 ) and ambulation-increasing effects (7, 8) . Because evidence indicates that many neuropsychiatric diseases are mediated by the NMDA subtype of excitatory receptor (9) , there is considerable interest in the psychopharmacological and behavioral effects of MK-801.
It is well-known that the repeated administration of CNS stimulants, such as amphetamines and cocaine, produces the sensitization to their ambulation-increasing and/or stereotypy-producing effects (10, 11) . Behavioral sensitization has been considered to be an animal model of the psychoses induced by amphetamine-and cocaine-abuse.
MK-801 increases the ambulatory activity of rats through the activation of the central dopaminergic system (12) . In our previous study (13) , the coadministration of MK-801 with methamphetamine potentiated the ambulation-increasing effect. However, a comparatively higher dose of MK-801 (1 mg/kg) rather inhibited the development of sensitization to methamphetamine. The behavioral characteristics of cocaine as a CNS stimulant was similar to those of amphetamines. The interactions between MK-801 and cocaine have been evaluated in the behaviors of rats, but not in those of mice (14) (15) (16) .
Hence, this study examined the modification of cocaine sensitization by MK-801 through the observation of ambulatory activity in mice. MK-801 was administered prior to, simultaneously with, or after the repeated administration of cocaine.
MATERIALS AND METHODS

Animals
Male mice of the ddY strain (Japan Laboratory Animal, Tokyo), 7-weeks-old, were used. Before the start of and during the experiment, they were group-housed in standard cages of 25D x 15W x 15H cm (10 mice/cage) and allowed free access to a solid diet (MF; Oriental Yeast, Tokyo) and tap water. The breeding room was controlled so that the light-dark schedule (lighting time: 6:00 -18:00 hr) and temperature (23±1'C) were almost constant.
Apparatus
The mouse's ambulatory activity was measured with a tilting-type ambulometer (AMB-10; O'hara & Co., Tokyo). The apparatus consisted of 10 bucket-like activity cages, each of which was made of Plexiglas and had a diameter of 20 cm. Thereby, the ambulatory activities of 10 individual mice could be measured at the same time.
Drugs
The drug used were MK-801 ((+)-5-methyl-10, 11 -dihydro-5H-dibenzo[a, d] cyclohepten-5 ,10-imine hydromaleate) (Merck/Banyu, Tokyo) and cocaine HCI (Takeda Chem., Osaka). These drugs were dissolved in physiological saline, and the concentration of each drug solution was adjusted so that each volume administered was constant at 0.1 ml/ 10 g body weight. MK-801 and cocaine were administered intraperitoneally (i.p.) and subcutaneously (s.c.), respectively.
Experimental procedures
Repeated administrations of cocaine alone: Two groups of mice (N=10-30) were treated with the repeated 5-time administrations of cocaine (10 or 20 mg/kg) at 3-to 4-day intervals. The ambulation of the mouse was measured 3 hr after each administration. Four days after the 5th administration, these mice were administered the same doses of cocaine. The other two groups of mice (N =10 -30) were given saline 5 times in the same way as in the cocaine treatment. Four days after the 5th saline administration, these mice were administered cocaine (10 or 20 mg/kg). The drug-naive mice (2 groups) were also given cocaine (10 or 20 mg/kg). were first repeatedly given cocaine (20 mg/kg) at 3-to 4-day intervals to induce sensitization to the ambulation-increasing effect. From the next day after the final cocaine administration, these mice were given MK-801 (0, 0.1, 0.3 and 1 mg/kg) daily for 5 days, and then all of these mice were readministered cocaine alone 7 days after the last dose of MK-801.
All the experiments were carried out between 9:00 -17:00 hr .
Statistical analyses
The mean overall ambulatory activity counts for 3 hr after the drug administration were calculated in individual groups of mice. These data were first analyzed by one-way and/or two-way ANOVA. If there were significant overall effects, comparisons between individual data were carried out by Dunnett's test. When P values were equal to or less than 0.05, they were defined as significantly different. 
RESULTS
Effects of repeated administrations of cocaine alone
As shown in Fig. 1 , repeated administrations of cocaine produced a sensitization to the ambulation-increasing effect [F(dose)=188.25, P <0.001; F(administration) =7 .48, P<0.001; and F(dose x administration) =1.30, n.s.]. The activity counts at the 2nd-5th administrations of cocaine (10 and 20 mg/kg) were significantly higher than those at the 1st administration. On the other hand, the repeated administrations of saline elicited no significant change in the ambulatory activity throughout the 5-time administrations.
As shown in Fig. 2 , the saline-administered control mice showed no significant change in the sensitivity to cocaine. The activity counts of the cocaine-administered mice were significantly higher than those of the controls.
Effects of repeated administrations of MK-801 alone
As shown in As shown in Fig. 6 , the repeated coadministrations of mg/kg) produced significantly lower sensitivity to cocaine than the saline (s.c. and i.p.) treatment.
Effect of repeated treatments with MK-801 after cocaine sensitization As shown in Fig. 7 , the repeated treatments with cocaine (20 mg/kg) alone induced sensitization to the ambulation-increasing effect, and the activity counts at the 5th administration were 2-2.5 times as high as those at the 1st administration. Although MK-801 inhibited the (12) . Consistent with such data, MK-801 produced behavioral stimulation in mice, which was partially similar to that produced by a dopaminergic agonist such as cocaine and methamphetamine. Furthermore, Clineschmidt et al. (7) reported the CNS stimulant action of MK-801. Thus, a single dose of MK-801 increased the ambulatory activity of mice, and the repeated administration induced a sensitization to the effect. However, the sensitization was produced only at 0.3 mg/kg MK-801, and the activity count at the 5th administration was only about 1.4 times as high as that at the 1st administration, whereas in the present and previous studies (13), we demonstrated that the repeated administrations of cocaine or methamphetamine produced enhancement in their effects to 1.8-2.5 times as high as the initial effects. Although MK-801 at 1 mg/kg produced a marked ataxia, a gross observation of the mice given MK-801 revealed that it was unlikely that such an effect nonspecifically inhibited the induction of sensitization. We have demonstrated that the characteristics of the ambulation-increasing effect of MK-801 are partially similar, but not identical, to those of methamphetamine (13). These results suggest that MK-801 produces the ambulation-increasing effect in a manner different from those of CNS stimulants. Our preliminary study demonstrated that the mice given a single dose of MK-801 did not show any significant change in the sensitivity to the ambulationincreasing effect of cocaine (H. Kuribara, unpublished data). So the interactions between MK-801 and cocaine in the repeated administration schedules were investigated in the present study. The data that were obtained from the challenge-administration of cocaine to the MK-801-administered mice also suggested differential characteristics between MK-801 and cocaine. In the mice repeatedly given MK-801 (0.3 and 1 mg/kg), there was no cross-sensitization from MK-801 to cocaine, but rather a decrease in the cocaine-sensitivity was induced. A significant decrease in the sensitivity to methamphetamine was also demonstrated in the MK-801-administered mice, although 1 mg/kg of MK-801 was required to elicit such an action (13) . Thus, MK-801 interacts with cocaine at a lower dose than with methamphetamine. This result may reflect the different ways of activating dopaminergic neurotransmission between methamphetamine and cocaine. Methamphetamine activates dopaminergic neurotransmission by facilitating the release and inhibiting the reuptake of catecholamines, whereas cocaine does so only by inhibiting the reuptake.
Karler et al. (14) , De Montis et al. (15) and Wolf and Jeziorski (16) reported that MK-801 blocked development of the sensitization to cocaine in rats. Schenk et al. (17) also reported that MK-801 blocked the sensitization to cocaine's reinforcing effect produced by the pre-exposure to methamphetamine. Most of the experimental evidence have implicated the brain dopaminergic systems as the center of cocaine-induced behavioral sensitization (18) . In this study, the coadministration of MK-801 with cocaine potentiated the ambulation-increasing effect. However, the mice given the repeated coadministration of MK-801, at 0.3 and 1 mg/kg, with cocaine exhibited significant reduction in sensitization to cocaine. These results are in agreement with previous studies (14) (15) (16) . A similar interaction was demonstrated between MK-801 (1 mg/kg) and methamphetamine (13) , clearly indicating again that the characteristics of the ambulation-increasing effect of MK-801 are different from either those of cocaine or methamphetamine. The effective dose of MK-801 for interaction with cocaine was lower than that with methamphetamine, indicating characteristic differences in the ambulation-increasing effects between cocaine and methamphetamine. Thus, it is considered that the protective action of MK-801 is more potent for cocaine sensitization than for methamphetamine sensitization. This consideration may also be supported by the fact that the development of cocaine sensitization was only blocked by dopamine receptor antagonists at doses much higher than the effective doses for methamphetamine (19) .
The repeated pretreatment with MK-801 could reduce the sensitivity to cocaine, and the repeated coadministration of MK-801 with cocaine inhibited the development of cocaine-sensitization. However, the cocaine-sensitization once established was not changed by the post-treatment with MK-801. This characteristic of cocaine sensitization was almost the same as that of methamphetamine sensitization, suggesting that MK-801 is effective only for protecting the development of cocaine-and methamphetamine-sensitization, but not for ameliorating the established sensitization. Why did MK-801 fail to ameliorate the established sensitization? One possible explanation is the "conditioning" to the effect of CNS stimulants; that is, repeated experience of behavioral stimulation is involved in the establishment of sensitization.
The sensitization to cocaine or amphetamines in animals has been considered to be closely related to the psychotic states produced by long-term abuse of these drugs; i.e., the induction of cocaine-or amphetaminepsychosis (10, 11) . It is therefore suggested that the state of easy appearance of a psychotic symptom may be hardly ameliorated by NMDA antagonists after once experience of such a symptom, although NMDA antagonists including MK-801 are expected to be effective for protection against the induction of cocaine-and amphetamine-psychoses.
